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Evaluation of the Spatial Pattern of Steinernema riobravis 
in Corn Plots 

H. E. CABANILLAS AND J. R. RAULSTON 1 

Abstract: The  vertical and horizontal spatial patterns of  a naturally occurring population of  the 
entomopathogenic nematode Steinernema riobravis (Rhabditida: Steinernematidae) were investigated 
in corn field soil by laboratory and field bioassays. This nematode appears to be endemic to the 
Lower Rio Grande Valley of  Texas, where it was found parasitizing prepupae and pupae of both 
corn earworm, Helicoverpa zea, and fall armyworm, Spodopterafrugiperda (Lepidoptera: Noctuidae). 
Corn earworm prepupa  was the bioassay host used to detect S. riobravis from soil in previously 
harvested corn plots. Steinernema riobravi~ occurred at soil depths of 5-30 cm. The  maximum nema- 
tode density was in the upper  20 cm of  soil, and the lowest density occurred at soil depth  of 25-30 
cm. The  field and laboratory bioassays performed on the top 20 era of soil resulted in S. riobravis- 
infected corn earworm of 49 and 34%, respectively, whereas at 25-30 cm soil depths 11 and 4.5% of 
the H. zea were infected, respectively. The  horizontal spatial pat tern of this nematode was patchy or 
aggregated. Our  study provides new information on the spatial pat tern of S. riobravis in its natural  
habitat  and indicates the need to augment  its natural biocontrol efficacy. 

Key words: biological control, distribution, entomopathogenic nematode, nematode, spatial pat- 
tern, Steinernema riobravis. 

The growing interest in entomopatho- 
genic nematodes is a reflection of  their im- 
pressive potential for biological control (6, 
8,9,10). However, relationships between 
the occurrence of  steinernematid nema- 
todes and the factors regulating nematode 
performance in the soil have been under- 
investigated. 

Steinernema riobravis Cabanillas et al., a 
recently described nematode species, was 
isolated on 25 July 1990 by Enrique Ca- 
banillas from soil samples in corn fields af- 
ter harvest in the Lower Rio Grande Valley 
of Texas where it appears to be indigenous 
(4). T h e  pa thogenic i ty  of  S. riobravis 
against corn earworm (CEW), Helicoverpa 
(=Heliothis) zea (Boddie) has been estab- 
lished (5). Previous observations made in 
this area and the nor theas tern  part  of  
Tamaulipas, Mexico, indicated that prepu- 
pae and pupae of corn earworm and fall 
armyworm, Spodoptera frugiperda (Smith), 
were naturally infected by Steinernema sp. 
nematodes (11). In the Lower Rio Grande 
Valley o f  Texas  (15,000 kmZ), about  
200,000 ha of irrigated corn are planted 
annually in late February and early March 
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(170,000 ha in Mexico and 30,000 ha in 
Texas) (12). Generally, fruiting begins in 
early to mid-May, and mature corn ear- 
worm larvae exit the corn to pupate in late 
May and early June. Little or no pesticide 
is used to control the CEW and FAW lar- 
vae that infest this crop, and S. riobravis has 
good biocontrol potential. 

The  spatial dispersion of  a nematode 
population is fundamental  for its ecologi- 
cal study. Different species of  other living 
organisms have different  environmental  
requirements and behavior patterns (7). 
Actually, there is no information on the 
characteristic pattern of spatial dispersion 
in field soil of  S. riobravis. More informa- 
tion is needed about steinernematid ecol- 
ogy in their natural soil habitat before they 
can be used effectively in biocontrol pro- 
grams (9). The objective of our  study was 
to determine the horizontal and vertical 
spatial patterns of a naturally occurring 
population of S. riobravis in corn field soil 
by two bioassay methods. 

MATERIALS AND METHODS 

Research site: Bioassays were conducted 
to determine the spatial pattern of  S. r/0- 
bravis in previously harvested corn plots. 
The field study area was located at the 
USDA Subtropical Agriculture Research 
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Laboratory South Farm, near Weslaco, 
Texas. The location was 26 ° 08.155'N, 97 ° 
57.366'W, and Altitude 21.7 m mean sea 
level (msl). The hydrometer  method (3) 
was used for soil texture analysis. The soil 
was a Hidalgo sandy clay loam (47.9% 
sand, 35.6% clay, 16.5% silt; 1.1% organic 
matter; pH 8.3; 39.95 meq/100 g Cation 
exchange capacity [CEC]). 

This study area is in the semi-arid sub- 
tropics and receives about 600-700 mm of 
annual rainfall. This field received rain (25 
mm) and was irrigated at 5 and 11 days 
before the field bioassay test, respectively. 
This site was selected because S. riobravis 
had been observed parasitizing prepupae 
and pupae of corn earworm and fall army- 
worm. 

Sampling and experimental design: Vertical 
and horizontal sampling of S. riobravis in 
the soil was done with a systematic-grid 
sampling design. The experimental design 
consisted of  sixteen 1-m x 1-m plots (1-m 
quadrants) arranged in four rows each 
with four plots. Plots were set around the 
corn plants, and each plot was separated 
from each other by 20 m within each row 
and 5 m between rows. Sampling grids 
were arranged so that one axis of the grid 
was parallel to the direction of plant rows. 
Soil samples were taken at six different soil 
depths (0-5, 5-10, 10-15, 15-20, 20-25, 
and 25-30 cm), and each soil depth was 
replicated 16 times (plots as replicates). 

Bioassay host: Corn earworm prepupae 
were reared in the laboratory and used as 
a host to detect the presence of S. riobravis 
in the soil in both laboratory and field bio- 
assays. Prepupae were measured (average 
length = 30 mm, range = 28-32 mm), 
weighed (average weight = 526 mg, range 
= 474-545 mg) and stored at 10 C for two 
days prior to use in the bioassays. 

Laboratory bioassay: On 25 October 1990, 
ten 30-cm deep soil cores were removed 
from each quadrant  with a 5 cm-diam sam- 
pling tube in a random pattern with five 
soil cores coming from each side of the 
plant row. Each soil sample was divided 
carefully into 5-cm increments from the 
surface  and  combined  and  mixed by 

depth.  Each pooled depth  sample was 
placed separately in a plastic bag, stored in 
a styrofoam box, and processed in the lab- 
oratory the same day. Soil subsamples 
were subsequently placed in assay cham- 
bers (plastic cups, 7 cm diam, 10 cm 
height) to detect the presence of nema- 
todes. First, the bottom of  the chamber was 
covered with 2.5 cm of  soil from the sub- 
sample, followed with 2 corn earworm pre- 
pupae, which were then covered with the 
remaining soil from the subsample (2 corn 
earworm per depth in 16 plots = 32 corn 
earworm per depth). The chamber was 
covered with perforated waxed paper for 
air exchange and to reduce the rate of 
evaporation. The chambers were held in a 
dark room at 23 C for 6 days, after which 
corn earworms were removed, washed, 
and individually transferred to "White" 
trap dishes (15) for an additional 6 days to 
examine nematode progeny from dead in- 
sects. Evaluation of insect mortality was 
based on the presence of nematode prog- 
eny that exited from the cadavers of  H. zea 
prepupae and pupae. Soil moisture at each 
soil depth was determined gravimetrically 
at the beginning and end of the assay. 

Field bioassay: This bioassay was per- 
formed in situ on 26 October 1990 using 
the same plots from which soil samples had 
been removed for the laboratory bioassay. 
Within each plot, four 1.5 cm-diam holes 
were made by pushing an iron rod into the 
soil to a depth of 30 cm. The holes were 
spaced about 15 cm apart on each side of  
the corn plants remaining in the plots. 
Corn earworm prepupae individually con- 
tained in hardware cloth (8 mesh) cages, 5 
cm x 1.5 cm diam, were lowered into each 
hole to soil depths of 5, 10, 15, 20, 25, and 
30 cm (4 corn earworm per depth in 16 
plots = 64 corn earworm per depth).  
Original soil for a particular depth was 
pressed around the cages to maintain soil 
contact and allow ingress of nematodes 
through the cages to the host. Five hun- 
dred ml of water was added to the soil sur- 
face around each set of cages. After 6 days, 
the cages were taken out of the soil and 
washed; corn earworms were then individ- 
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ually transferred to "White" trap dishes 
(15) for an additional 6 days to examine 
nematode progeny from dead insects. In- 
sect mortality was evaluated on the pres- 
ence of  nematode  progeny that exited 
from the cadavers of  corn earworm prepu- 
pae and pupae. 

Soil t empera tu re  data were obtained 
through copper-constantan thermocou-  
ples located at six soil depths (5, 10, 15, 20, 
25, and 30 cm) in the corn field. Thermo- 
couples were connected to a Model 592R 
General Purpose Interface Board, and the 
t e m p e r a t u r e  data  were  logged at 30- 
minute intervals with an Omnidata, Poly- 
corder ® Model 516B (Omnidata Interna- 
tional Inc., Logan, UT). Soil moistures at 
each depth were determined gravimetri- 
cally at the beginning and end of  the bio- 
assays. 

Steinernema riobravis occurrence in the 
field soil was estimated using the propor- 
tion of  dead insects infected by S. riobravis. 
Insect mortality was based on nematode 
progeny at 12 days after insects were ex- 
posed to natural field soil. However, for 
the field bioassay we compared insect mor- 
tality at 6 and 12 days after corn earworm 
were exposed to soil. The first evaluation 
(6 days) was based on symptoms (Stei- 
nernema-infected insects are often flaccid 
and change color to yellow or brown, and 
their tissues have a gummy consistency). 
The  second evaluat ion (12 days), was 
based on the presence of  nematode prog- 
eny that exited from the cadavers of  pre- 
pupal and pupal stages of  H. zea. We did 
not dissect the insects to determine nema- 
tode presence because we were interested 
in knowing the capacity of  S. riobravis to 
develop progeny after insect death. Infec- 
tive juveniles started exiting from infected 
hosts about 10 days after insects were ex- 
posed to natural soil. Nematodes were col- 
lected to verify the identity of  S. riobravis 
based on morphological characteristics of  
the infective juveniles and males (4). 

Data analysis: Data comparing the verti- 
cal occurrence of  S. riobravis were analyzed 
by regression analysis using PROC REG of 
SAS (13). The  analysis was performed on 

the data collected from dead insects that 
showed nematode progeny (12 days). In- 
sect mortality (dependent variable) was re- 
gressed against soil depth ( independent  
variable) using linear and quadratic mod- 
els. The coefficient of  determination (R 2) 
and plots of  standardized residuals vs. pre- 
dicted values f rom regress ion analysis 
were used to evaluate goodness of  fit to a 
model. 

Data analysis for the horizontal spatial 
pattern of  S. riobravis were compared at 
three soil depths (10, 20, and 30 cm) using 
the chi-squared, variance-to-mean ratio 
for agreement with a Poisson series (small 
samples, n < 30) according to Elliot (7). 
The index of  dispersion (I) or variance-to- 
mean ratio was calculated: I = s2/~, where 
s z = sample variance and ~ = sample 
arithmetic mean. The  significance of  de- 
partures from unity was assessed by refer- 
ence to a table of  chi-square values (7). The 
index of  dispersion (k) for the negative bi- 
nomial was calculated as follows: k = -;2/(s2 

- ~); where: ~ = arithmetic mean, and s 2 
= sample variance. 

RESULTS 

The average soil temperature at differ- 
ent soil depths (5, 10, 15, 20, 25, 30 cm) in 
the corn plots was 21 C (maximum 25 C, 
minimum 16 C). The average soil surface 
temperature was 20 C (maximum 36 C, 
minimum 15 C). The average air temper- 
ature was 21 C (maximum 37 C, minimum 
12 C). The initial soil moisture averaged 
24% (maximum 28%, minimum 20%), and 
the ending  soil mois ture  averaged  22 
(maximum 25%, minimum 18%) and 19% 
(maximum 21%, minimum 17%) for the 
laboratory and field bioassays, respec- 
tively. 

The results from the field and labora- 
tory bioassays indicated that S. riobravis oc- 
curred at all six soil depths tested (0-5, 
5-10, 10-15, 15-20, 20-25, and 25-30 cm) 
(Fig. 1). Soil depth differentially affected 
the occurrence of  this nematode, as shown 
by the field bioassay (P < 0.002) and lab- 
oratory bioassay (P < 0.01) results. The 
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FIG. 1. Vertical distribution of Steinernema riobravis naturally occurring in corn field soil as determined by 

its infectivity on Helicoverpa zea from laboratory and field bioassays at 12 days. 

highest percentage of  parasitism occurred 
in the upper  20 cm of  soil. The lowest per- 
centage of  insect mortality due to S. rio- 
bravis was located at soil depths of  25-30 
cm. The field and laboratory bioassays us- 
ing the top 20 cm soil resulted in S. rio- 
bravis infection of  49 and 34% of  the H. 
zea, respectively, whereas at 25-30 cm soil 
depths, 11 and 4.5% were infected, respec- 
tively. 

There  were considerable differences in 
estimating insect mortality between 6 days 
and 12 days after soil exposure for the 
field bioassay. For example, the average of  
insect mortality (prepupae and pupae) was 
higher when evaluated at 12 days (36%) 
than at 6 days (6%). The prepupal mortal- 
ity increased from 4 to 8% when evalua- 
tions were performed at 6 days or 12 days, 
respectively. Similarly, pupal mortality was 
higher at 12 days (30%) than at 6 days 
(3%). 

A higher  percen tage  of  S. riobravis- 
infected pupae resulted from the field bio- 
assay (30%) than from the laboratory bio- 
assay (8%) when insect mortality was com- 

pared f rom both bioassays at 12 days. 
However, the S. riobravis infectivity on pre- 
pupae of  corn earworm was the same (8%) 
in both bioassays. The average of  insect 
mortality (over all soil depths), was 36 and 
24% for the field and laboratory bioassays, 
respectively. Averaged over 12 days, the 
general response of  insect mortality (Y) 
due to S. riobravis as a function of  soil 
depth (X) was approximated by a quadratic 
population density curve (Fig. 1). 

The horizontal spatial pattern of  S. r/0- 
bravis was aggregated as illustrated in Fig- 
ure 2. Major differences in nematode dis- 
t r ibu t ion  r e su l t ed  in plots s e p a r a t e d  
throughout the field. Averaged over total 
number  of  plots, S. riobravis occurred in 
81, 75, and 31% of the plots correspond- 
ing to soil layers of 0-10, 10-20, and 20-30 
cm, respectively (Fig. 2). Values for the 
variance-to-mean ratio were significantly 
greater than unity (chi-square test) (Table 
1). These  chi-squared values were well 
above the upper  5% significance level de- 
scribed by Elliot (7). Therefore,  agreement 
with a Poisson series was rejected at the 
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FIG. 2. Spatial distribution of Steinernema riobravis naturally occurring in corn field plots in the Lower Rio 
Grande Valley of Texas. (Numbers are the S. riobravis-infected insects, based on eight Helicoverpa zea per 
plot/depth.) 

95% probability level (P < 0.05). These 
high values of  the variance-to-mean ratio 
indicated that S. riobravis nematodes were 
aggregated in the plot (Table 1). 

DIscusSION 

Although S. riobravis occurred through- 
out the top 30 cm of  soil, its horizontal 
spatial pattern was aggregated. This may 
explain the uneven and low levels of  sup- 
pression of  corn earworm prepupae and 
pupae that have been occurring naturally 
in this area. We observed an average of  

11% parasitism (0-20%) of  H. zea prepu- 
pae and pupae caused by S. riobravis in this 
study area (Cabanillas and Raulston, un- 
publ. data). Plant-parasitic nematodes also 
have aggregated horizontal spatial distri- 
bution, which is most often described by 
the negative binomial distribution (1). Fur- 
thermore, the population of  S. riobravis is 
probably influenced by management  prac- 
tices. Generally, row crops predispose the 
patchiness or nonrandom distribution of  
nematodes. In contrast, broadcast seeding 
of  plants such as turf  and alfalfa may rain- 
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imize the aggregated distribution of  nema- 
todes (1). Dispersion indices (k) for this 
nematode at this particular location with k 
values of  3.145 in the upper  10-cm soil 
depth reflects a high degree of  clustering 
(Table 1). This fact should be considered 
in sampling as well as experimental design 
for future biocontrol research in this loca- 
tion. 

Once the negative binomial distribution 
has been defined for a population of  inter- 
est, and the index of  dispersion deter- 
mined, it is possible to calculate the num- 
ber of  samples necessary to estimate the 
nematode population density with a speci- 
fied level of  precision (1,7). 

Corn earworm mortality in our bioassays 
decreased with soil depth (Fig. 1), suggest- 
ing that S. riobravis may migrate vertically. 
Vertical migration could function as an im- 
portant  survival strategy for this nema- 
tode. As temperatures change, there may 
be sufficient time for S. riobravis to migrate 
to greater depths to avoid adverse effects. 
This may have contributed to the persis- 
tence of  this nematode even during the ab- 
sence of  corn earworm, which enables it to 
endure  the subtropical environmental con- 
ditions of  this semi-arid region. In relation 
to this, we were able to collect viable infec- 
tive juveniles of  S. riobravis in November 
1991 from fallow field soil where corn had 
been planted the preceding spring (Ca- 
banillas and Raulston unpubl, data). The 
normal depth of  pupation for corn ear- 
worm in soils in the Lower Rio Grande 
Valley of  Texas is about 5 cm around the 
corn plant (Raulston, pers. comm.), and 
nematode reproduction probably occurs at 
this depth. Therefore,  decrease in insect 

bait mortality with depth reflects not the 
distribution of  the insect host but nema- 
tode redistribution. 

In the Lower Rio Grande Valley, the 
corn earworm become prepupae  in late 
May and early June,  burrow 5-10 cm into 
the soil around the corn plant, and pupate 
at a rate of  1-4 pupae/m 2 in commercial 
corn fields. Nevertheless, the mobility of  
nematodes and environmental influences 
may modify this relationship. A character- 
istic behavior of S. riobravis infective juve- 
niles is their high mobility and tendency to 
move by bridging, leaping, crawling, and 
climbing (4). Laboratory studies (24 C) on 
the horizontal movement of  S. riobravis in- 
fective juveniles in the same field soil type 
(sandy clay loam) showed that they can 
move an average of  4 cm/day (3-5 cm/day) 
(Cabanillas and Raulston, unpubl, data). It 
appears that S. riobravis is fairly efficient at 
horizontal and vertical dispersal in the 
field. 

The laboratory and field bioassays used 
in this experiment allowed the detection of  
S. riobravis in soil samples, which confirm 
the results obtained in similar experiments 
by other researchers (2,14). Although the 
laboratory bioassay did not show high lev- 
els of  nematode detection, it was easier 
than the field bioassay. Our  study also 
shows that consideration should be given 
to the evaluation time of  Steinernema- 
induced insect mortality. The  results from 
the field bioassay indicated that insect 
mortality was greater when the evaluation 
was performed at 12 days rather than at 6 
days after H. zea prepupae were exposed 
to soil. A delayed evaluation at 12 days al- 
lowed the development of  nematode prog- 

TABLE 1. Statistics, indices o f  dispersion,  and  test for ag reemen t  with a Poisson series o f  t h e  spatial 
distr ibution o f  Steinernema riobravis at d i f fe ren t  soil dep ths  in corn plots as de t e rmined  by field bioassay. 

Indices of dispersion 

Soil depth (cm) No. samplest (n) Mean ~ Variance s 2 see k Chi-square~: 

10 16 4.187 9.762 2.33 3.145 34.972 
20 16 3.625 9.583 2.64 2.205 39.653 
30 16 0.812 2.029 2.50 0.542 37.481 

t Each sample consisted of eight pooled subsamples per plot. 
For s2/~. 
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en y  o n  d e a d  insects,  wh ich  p r o v i d e d  c lear  
ev idence  o f  n o t  on ly  n e m a t o d e  infectivi ty 
a n d  p a t h o g e n i c i t y  o n  c o r n  e a r w o r m  bu t  
also e s t ab l i shment  capacity.  Th i s  cons ide r -  
a t ion  is ve ry  i m p o r t a n t  to expla in  the  suc- 
cess o r  fa i lure  in the  i n t r o d u c t i o n  o f  bio-  
co n t r o l  agents .  A c c o r d i n g  to Eh le r  (6) the  
n u m b e r s  o f  i n t r o d u c t i o n s  tha t  fail (i.e., no  
es tab l i shment )  is g r e a t e r  t h a n  those  result-  
ing  in es tab l i shment .  

Q u a n t i f i c a t i o n  o f  e n t o m o p a t h o g e n i c  
n e m a t o d e  p o p u l a t i o n s  in soil f o r  ecological  
s tudies  is d i f f icul t  a n d  r e m a i n s  a cha l l enge  
to be a d d r e s s e d  by r e sea rch  workers .  At  
p resen t ,  the  m o s t  c o m m o n  p r o c e d u r e  used  
in q u a n t i f y i n g  n e m a t o d e s  a f te r  soil appl i -  
ca t ion  is u s ing  the  Galleria bioassay tech-  
n ique.  Because  the  n u m b e r  o f  n e m a t o d e s  
i n v a d i n g  an  insect  hos t  is h igh ly  variable,  
n o  r e l a t i o n s h i p  c a n  be  d r a w n  b e t w e e n  
mor ta l i ty  ra te  a n d  the  n u m b e r  o f  n e m a -  
todes  in the  e n v i r o n m e n t  (8). 

O u r  s tudy  p r o v i d e s  ne w  i n f o r m a t i o n  on  
the  spat ial  d i spe r s ion  p a t t e r n s  o f  S. rio- 
bravis in its n a t u r a l  hab i ta t  a n d  indicates  
the  n e e d  to a u g m e n t  its na tu ra l  b iocon t ro l  
efficacy.  F u r t h e r m o r e ,  it p rov ides  ecologi-  
cal ins ight  a b o u t  the  relat ive i m p o r t a n c e  o f  
n e m a t o d e  m i g r a t i o n  in re la t ion  to survival  
in es tabl ishing the  vert ical  d i s t r ibu t ion  o f  
S. riobravis in the  field. Th i s  s tudy  is signif- 
icant  in tha t  it is t he  first a t t e m p t  to quan -  
t ify the  pa tch iness  o f  e n t o m o p a t h o g e n i c  
n e m a t o d e s  in the  field. 

T h e  h i g h  leve l  o f  i n f e c t i v i t y  o f  this  
n e m a t o d e  aga ins t  c o r n  e a r w o r m  p r e p u p a e  
as d e m o n s t r a t e d  in l a b o r a t o r y  tests (5), 
a long  with its survival  in this g e o g r a p h i c a l  
r eg ion ,  makes  S. riobravis a po ten t ia l  can-  
d ida te  f o r  biological  con t ro l .  
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